Background-Several trials have addressed whether bifurcation lesions require stenting of both the main vessel and side branch, but uncertainty remains on the benefits of such double versus single stenting of the main vessel only. Methods and Results-We have conducted a meta-analysis of randomized trials including patients with coronary bifurcation lesions who were randomly selected to undergo percutaneous coronary intervention by either double or single stenting. Six studies (nϭ1642 patients) were eligible. There was increased risk of myocardial infarction with double stenting (risk ratio, 1.78; Pϭ0.001 by fixed effects; risk ratio, 1.49 with Bayesian meta-analysis). The summary point estimate suggested also an increased risk of stent thrombosis with double stenting, but the difference was not nominally significant given the sparse data (risk ratio, 1.85; Pϭ0.19). No obvious difference was seen for death (risk ratio, 0.81; Pϭ0.66) and target lesion revascularization (risk ratio, 1.09; Pϭ0.67).
P ercutaneous coronary intervention (PCI) of bifurcation lesions remains a subject of debate in terms of optimum treatment technique. Balloon angioplasty and bare metal stents have gradually been replaced by drug-eluting stents. [1] [2] [3] [4] [5] [6] When stenting is used, a major question is whether both the main vessel and the side branch should be stented. Such double stenting is appealing because it produces attractive postprocedural angiographic results. However, there have been concerns about long-term major adverse cardiac events and, in particular, stent thrombosis with adjacent stents. Among several randomized trials published so far, [7] [8] [9] [10] [11] [12] [13] the deployment of an additional stent on the side branch of a bifurcation lesion has never been shown to result in significantly improved clinical outcomes as initially hypothesized. These trials, however, have been of too limited a sample size to allow robust conclusions, when seen in isolation. A synopsis of 3 randomized and 3 observational comparisons failed to detect any significant differences between double and single stenting in a bifurcation. 14 However, several other trials have appeared recently. We have, therefore, performed a meta-analysis of randomized trials to examine the relative outcomes of the double versus single stenting strategies for bifurcation lesions in terms of mortality, myocardial infarction, stent thrombosis, and target lesion revascularization.
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Methods
Study Eligibility and Selection
We have conducted a meta-analysis of randomized trials including patients with coronary bifurcation lesions who were randomly selected to undergo PCI by either single stenting of the main vessel only (simple strategy) or double stenting of both the main vessel and the side branch (complex strategy) with any PCI technique. For study selection, we searched PubMed, using the terms bifurcation, coronary, and stent (last update, February 26, 2009 ). In addition, we used the same terms to locate potentially eligible studies in the Cochrane Central Register of Controlled Trials and the Clinical Trials Registry (www.clinicaltrials.gov), through which data available in presentation and/or abstract form of conferences were also considered for eligibility screening. Two investigators (D.G.K. and G.C.M.S.) independently evaluated search results for eligible studies, which were then scrutinized in full text. A third investigator (J.P.A.I.) commented on their discrepancies. We included trials regardless of the location of the bifurcation lesions in the coronary artery tree and regardless of the clinical presentation (acute or stable). Randomized studies that compared percutaneous coronary balloon angioplasty only versus PCI of the main vessel with provisional stenting of the side branch, as well as studies that compared different techniques of stenting of both bifurcation branches were excluded. Nonrandomized and non-English language studies were excluded.
Data Extraction
All data were extracted independently by 2 evaluators (D.G.K. and G.C.M.S.) and discrepancies were resolved by a third evaluator (J.P.A.I.). From each eligible study, we recorded information regarding the number of patients that were randomly assigned to 1 of the 2 stenting strategies based on the intention-to-treat analysis and patient demographics (mean age, proportion of male patients, major cardiovascular risk factors, history of myocardial infarction, prior PCI or coronary artery bypass graft surgery, prevalence of angina symptoms, and mean left ventricular ejection fraction). Furthermore, we extracted data on crossover rates; percentages of true bifurcations (when not given by the authors, we defined true bifurcations as Medina 1,1,1 or 1,0,1 or 0,1,1 and Lefevre 1 or 4) 15 ; procedural parameters (type of complex stenting technique, type of drug-eluting stent, use of glycoprotein IIb/IIIa inhibitors, implementation of final "kissing balloon" inflation); measurements that derived from the quantitative coronary angiography analysis (minimum lumen diameter, diameter stenosis, lesion length) and the location of the bifurcation lesions.
The following major outcomes were extracted: death from any cause, myocardial infarction (Q wave and non-Q wave), stent thrombosis, and target lesion revascularization.
We considered the longest available follow-up period for all events in each eligible study. For stent thromobosis, the criteria used in each individual eligible study were adopted. Myocardial infarction was defined by ECG changes and elevation of myocardial enzymes. In cases that the events in each intervention group were analyzed based on the finally implemented treatment and not according to the intention-to-treat approach, we contacted the corresponding authors to provide us the intention-to-treat data.
Statistical Analysis
Categorical data are summarized as frequencies and percentages, whereas summary statistics for continuous variables are presented as means and SDs. For meta-analyses, the risk ratio was used as the metric of choice, and we also performed analyses using the risk difference metric. Between-study heterogeneity was evaluated with the 2 test-based Q statistic and was considered statistically significant at a level of Ͻ0.10. We further quantified the effect of the heterogeneity across studies using the I 2 statistic, which is independent of the number of studies 16, 17 and obtained its 95% CIs. 18 Fixed effects models with studies weighted by the inverse of their variance and random effects models using the DerSimonian and Laird method were used to combine the data across studies. 19 When there is no detectable between-study heterogeneity, the 2 models give identical results. In the presence of detectable between-study heterogeneity, random effects give wider CIs.
For meta-analysis results that were nominally statistically significant by both fixed and random effects, we also performed a sensitivity analysis using a Bayesian meta-analysis model for the risk ratio. This approach generates a posterior distribution of the effect size and 95% credibility, as opposed to CIs generated by traditional frequentist meta-analysis. We used the WinBUGS software 20 (Im-perial College and MRC, London) and estimated the posterior of the effect size using 20 000 iterations after a 10 000 iteration initial burn-in. Bayesian inference is more appropriate for making probabilistic inferences about the magnitude of the treatment effect and the variability that it may have in different populations that are similar to the ones studied in the randomized trials whose data are combined.
Statistical analyses were conducted in Stata 10.0 (Stata Corp, College Station, Tex) and WinBUGS software. P values are 2 tailed.
Results
Study Selection and Characteristics
Our search yielded 518 items (459 in PubMed, 33 in the Cochrane Central Register of Controlled Trials, and 26 in the Clinical Trials Registry), which were evaluated for eligibility. Of those, 457 were excluded based on their title, and 47 were excluded based on their abstract. Fourteen items on randomized trials comparing different treatment interventions in patients with coronary bifurcation lesions were assessed in full text. Of those, we excluded 4 that compared different types of complex strategies and 3 that compared percutaneous transluminal coronary angioplasty versus PCI/percutaneous transluminal coronary angioplasty. Two of the remaining articles pertained to the same study in different follow-up periods. 11, 12 Finally, 6 randomized trials fulfilled our inclusion criteria. [7] [8] [9] [10] [11] [12] [13] 
Patients, Demographic, and Procedural Characteristics
Demographic characteristics of the included patients and procedural details of the implemented PCI technique are shown in Tables 1 through 3. A total of 1642 patients were included (821 in each intervention arm). Patient populations' mean age ranged from 60 to 67 years, whereas women comprised 20% to 23% of the study populations. The proportion of diabetic patients ranged from 12% to 41% (Table  1 ). In 4 studies, 8 -11 patients that presented with myocardial infarction in the last 24 hours were excluded. Moreover, reduced left ventricular function (ejection fraction Ͻ35%) was an exclusion criterion in CACTUS 8 and Colombo et al 9 Some patients with myocardial infarction were included only in BBC ONE (21% of the study population). 7 The definition of myocardial infarction (Q wave and non-Q wave) differs among the included studies, as shown in Table 2 .
One hundred twelve (14% of the simple strategy arm) patients that were initially randomly assigned to the single- Values are n (%) or meanϮSD. MV indicates main vessel; SB, side branch; DM, diabetes mellitus; SH, systematic hypertension; HLP, hyperlipidemia; CAD, coronary artery disease; MI, myocardial infarction; PCI, percutaneous coronary intervention; CABG, coronary artery bypass graft; LVEF, left ventricular ejection fraction; ND, no data; CACTUS, coronary bifurcations: application of the crushing technique using sirolimus-eluting stents; BBC ONE, British Bifurcation Coronary study.
stenting strategy arm crossed over to have Ͼ1 stent based on the operator's decision. Different stenting techniques (crush, culotte, T-stenting, and other) were used for double stenting and most operators preferred the crush technique (Table 3) . Paclitaxel-and sirolimus-eluting stents were used across the studies. No bare-metal stents were used. Intravenous inhibi-tors of the platelet glycoprotein IIb/IIIa receptor were administered in 243 and 307 cases of the simple and complex strategy arm, respectively. Final "kissing balloon" inflation was preferred in most cases in both intervention arms. Assessment of the treated vessels with intravascular ultrasound after stenting and at follow-up was performed per protocol only in 1 study 9 and also in a small proportion of patients (nϭ59) in 2 other studies. 8, 13 In 5 of the 6 studies, information regarding quantitative coronary measurements (minimum lumen diameter, diameter stenosis, and the length of lesion) pre-PCI, post-PCI, and at follow-up were available for each group as shown in supplemental Table I . The most common location of the treated bifurcation lesions across the studies were the left anterior descending/diagonal artery (in 76% of all cases in both arms), whereas bifurcation lesions that included the left main stem were stented only in 13 cases in 2 of the studies (supplemental Table I ).
Outcome Events and Data Synthesis
The incidence of the main outcomes across the eligible studies is shown in Table 4 . Death occurred in 18 patients (simple strategy nϭ10 versus complex strategy nϭ8). In total, 144 patients were reported to have myocardial infarction (simple strategy nϭ51 versus complex strategy nϭ93), and 21 events of definite stent thrombosis were recorded (simple strategy nϭ7 versus complex strategy nϭ14). Target lesion revascularization was performed in 88 cases (simple strategy nϭ42 versus complex strategy nϭ46). Table 5 and the Figure show the results of the meta-analyses for each outcome. In the risk ratio scale, the simple and complex strategies did not differ significantly in the risk of death, although the 95% CIs were quite large and could not totally exclude even considerable differences. Target lesion revascularization rates were also similar between strategies. There was almost a doubling of the risk of myocardial infarction with the use of 2 stents instead of 1, and this *Based on the total number of patients who were primarily randomly selected, plus those who crossed over to be treated with a complex technique.
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difference was statistically significant (Pϭ0.008 by random effects, Pϭ0.001 by fixed effects). Moreover, the summary point estimates suggested an estimated doubling of the risk of stent thrombosis with the complex strategy, but the difference was not nominally significant given the sparse data (Pϭ0.19 by both fixed and random effects). There was no statistically significant heterogeneity for any of the 3 outcomes, and the I 2 point estimate was 0% to 20%, although there was still considerable uncertainty about the extent of possible heterogeneity, given the relatively limited number of events. The largest estimate of I 2 was noted for myocardial infarction, where the BBC ONE trial had found a large risk ratio, corresponding to more than tripling of the risk of infarction with double versus single stenting. BBC and NORDIC had each found statistically significantly increased risk of myocardial infarction (PϽ0.05) with double stenting, and BBC also had the largest point estimate for stent thrombosis. Bayesian meta-analysis for the risk of myocardial infarction yielded a median risk ratio estimate of 1.49, which is slightly less than the estimate obtained by the traditional fixed or random effects meta-analyses described earlier. The 95% credibility interval was considerably large (0.54 to 2.43) because of the relatively small number of events in several of the combined trials.
Inferences were similar in the risk difference scale, with the exception that there was statistically significant between-study heterogeneity for the myocardial infarction outcome. Point estimates suggested approximately a 3% excess risk of myocardial infarction and 1% excess risk of stent thrombosis with the double-stent versus single-stent approach.
Discussion
The current meta-analysis shows that the management of bifurcation lesions with double stenting of the main vessel and the side branch rather than using a single stent in the main vessel substantially increases the risk of myocardial infarction during follow-up, although the magnitude and even the presence of the excess risk has substantial uncertainty in Bayesian calculations, given the limited number of events in these studies. The risk of stent thrombosis may also be almost doubled, although this outcome was even more rare, and the meta-analysis result is not formally statistically significant or conclusive. Double stenting does not seem to result in different mortality versus single stenting and target lesion revascularization rates also seem comparable with the 2 strategies.
The introduction of drug-eluting stents in the treatment of bifurcation lesions has been thought to improve operational outcomes and decrease the need for restenosis and revascularization. In the Arterial Revascularization Therapies Study II, event rates were similar in bifurcation and nonbifurcation lesions. 21 Erglis et al 22 from the NORDIC group also showed that stenting of both bifurcation branches with either the cullote or the crush techniques yielded relatively low restenosis rates. These results, however, were drawn following 6 months clinical and 8 months angiographic follow-up, which is rather inadequate for definitive conclusions about the long-term clinical outcomes of this approach. A previous systematic review 14 that did not include 3 recent randomized trials had found no demonstrable differences between the 2 strategies, but the 3 latest studies show an inferiority of double stenting in terms of the risk of myocardial infarction and possibly also stent thrombosis in particular. All studies used drug-eluting stents and modern techniques. The absolute excess risk (in the range of 3 for myocardial infarction) is considerable.
Our findings indicate that double stenting of a bifurcation lesion is not advantageous and seems also to have a detri- mental impact on major clinical outcomes. They also suggest that current practices for bifurcation lesions need careful reexamination. For example, in a recent statement by the European Bifurcation Club, complex treatment strategies are discussed and the evidence in favor of the simple strategy is ignored. 23 Of course, in clinical practice, complex stenting is often inevitable, especially in the case of a true bifurcated lesion with a massive plaque burden and a side branch of considerable size. However, the angiographic appearance of ostial residual stenosis of a side branch does not correspond to its functional significance, and in most cases, kissing balloon dilatation may suffice. 24 The prognosis of jailed side branches is favorable. Dissected or even occluded side branches are usually clinically silent and probably do not affect long-term clinical event-free survival. 13, 25, 26 The majority of side branches (up to 90%) reappear at follow-up. 25 Furthermore, complex stenting strategies at bifurcation sites have been identified as predictors of stent thrombosis. Overall, PCI with stenting does not seem to improve death or myocardial infarction rates as compared with optimized medical therapy alone in chronic stable coronary artery disease. 27, 28 For bifurcation lesions, using 2 stents rather than 1 seems to result even in worse outcomes. Some caveats should be discussed. First, some of the studies had considerable crossover rates. In particular, Colombo et al 9 have reported a crossover rate as high as 51.2% in their study evaluating sirolimus-eluting stents implanted in coronary bifurcation lesions. A high crossover rate may be due to an angiographically unsatisfactory postangioplasty result. Therefore, what the meta-analysis evaluates is the original intention: whether it is better to try to place a single stent or 2. Second, the design of analyzed trials, background profiles of the studied populations, rates of use of adjunctive IIB/IIIA glycoprotein inhibitors, and techniques used to perform double stenting were different between studies. This may need to be considered in the generalization of our conclusions, but we found no strong evidence for betweenstudy heterogeneity in the treatment effects in the risk ratio . Each study is presented by name with point estimate of risk ratio and respective 95% CIs. The overall risk ratio and 95% CIs are shown according to fixed effects (FE) model with studies weighted by the inverse of their variance and random effects (RE) model using the DerSimonian and Laird method. Favors double stent indicates single stenting is worse than double stenting; favors single stent, single stenting is better than double stenting of the main vessel and the side branch.
scale. These sources of diversity should not preclude synthesizing the results using meta-analysis and drawing useful inferences from the meta-analysis. 29 Finally, we did not address in this meta-analysis the impact of double versus single stenting on angiographic outcomes. The reported success rates of double stenting in trials are high, and this approach results in good immediate angiographic outcomes. This, however, does not translate in reduced mortality, myocardial infarction, or revascularization rates. The financial burden may also be considerable.
In conclusion, acknowledging these caveats, the current meta-analysis indicates that stenting of both the main and side branches of a bifurcation lesion may be associated with considerable excess risk of myocardial infarction and possible excess risk of stent thrombosis. Our study suggests that double stenting of both the main vessel and the side branch vessel in bifurcation lesions should be avoided. Perhaps double stenting could be considered in cases of a very big bifurcation branch, such as main stem lesions or lesions involving bifurcation branches with diameter almost as big as that of the main branch. However, no convincing data exist in this context. Further studies are needed to define the optimum treatment of bifurcation lesions in the era of changing indications for coronary intervention.
